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Translation of JP-A-60-14762 

Specification 

1. Title of the Invention 

Battery 

2 . Claims 

1. A battery comprising a conductive and organic 
complex as an electrode active material, said conductive and 
organic complex being formed from an organic compound cation 
or anion and an electrolytic ion. 

2. The battery in accordance with claim 1, wherein 
said organic compound is an electron donative organic 
compound or an electron receptive organic compound that is 
used in electrocrystallization. 

3. Detailed Description of the Invention 

The present invention relates to a battery, and, 
more particularly, to a battery that uses a conductive and 
organic complex as an electrode active material. 

Conventionally used electrode active materials for 
batteries are mostly inorganic compounds, and a large number 
of inorganic compounds have been known so far. However, only 
limited kinds are practically usable, and most of them usually 
provide low battery voltages. 

Meanwhile, with the recent reduction in size and 
weight of electronic appliances due to the application of 
electronics, small-sized high-energy-density batteries have 
been drawing attention as the power source for such appliances. 
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They have been actively studied, and some of them have been 
commercialized. The studies of such small -sized high- energy- 
density batteries have been mainly directed to lithium 
batteries. This is because lithium has the lowest oxidation- 
reduction potential and the least electrochemical equivalent 
of the existing metals, and the use of lithium as the negative 
electrode therefore has the possibility of being able to 
provide a battery having the highest energy density. Since 
lithium reacts violently with water, a battery using a lithium 
electrode inevitably requires the use of an organic solvent 
containing no water. Batteries of this kind are called 
organic batteries. Organic batteries are generally 
characterized by their high energy densities, wide operating 
temperature ranges and good long-term storage characteristics. 
Thus, positive electrode active materials that can be used 
when a lithium electrode is used as the negative electrode 
have been researched, and a large number of inorganic 
compounds, such as halides, oxides and sulfides of metals, 
have been studied. However, with respect to organic compounds, 
only nitro compounds and quinone compounds have been studied, 
and, in addition, there are problems in that many of them 
dissolve in an electrolyte solution and react with lithium, 
thereby making the battery voltage unstable or making the 
battery life short. 

As a result of diligent study of how to solve such 
problems, the present inventors have found that the use of a 
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specific conductive and organic complex as an electrode active 
material of a battery makes it possible to obtain a stable 
battery with a high battery voltage and a long life. The 
present invention is achieved based on such finding. 

That is # the present invention provides a battery 
that uses a conductive and organic complex formed from an 
organic compound cation or anion and an electrolytic ion as 
an electrode active material. 

The conductive and organic complex used as the 
electrode active material of the battery of the present 
invention is produced by electrochemical or other methods . 
Specifically, an electrochemical method is a method of 
synthesizing a conductive and organic complex in the system of 
an intended battery, i.e., a method of immersing two 
electrodes in an electrolyte solution containing an organic 
compound and an electrolytic ion that combines with a cation 
or an anion of the organic compound to form a conductive and 
organic complex (hereinafter one of the two electrodes that 
reacts with the conductive and organic complex is referred to 
as a second electrode, and the other electrode is referred to 
as a first electrode). If a conductive and organic complex is 
electrochemically synthesized in the system of an intended 
battery, the resultant conductive and organic complex can be 
used as it is after the electrolysis in order to produce a 
primary or secondary battery. Alternatively, the second 
electrode having the conductive and organic complex on the 
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surface thereof is removed from the electrolysis vessel, and 
then it can be used to produce another battery. On the other 
hand, if a conductive and organic complex is synthesized 
separately, the conductive and organic complex can be used as 
the second electrode by providing, for example, a current 
collector for contact, and the second electrode can be used to 
produce a battery by interposing, between the second electrode 
and the first electrode, a solid electrolyte or non-woven 
fabric impregnated with an electrolyte solution, for example, 
an ion conductor made of the same chemical species as the 
metal of the first electrode or an electrolytic ion that 
combines with an organic compound to form a conductive and 
organic complex. The assembly and process of the battery of 
the present invention including the preparation of the 
conductive and organic complex is preferably performed in an 
atmosphere of an inert gas, such as argon. 

The organic compound used in the present invention 
may be any compound whose cation or anion combines with an 
electrolytic ion in an electrolyte solution or the solid 
electrolyte to form a conductive and organic complex, and 
there is no particular limitation. However, in the case of 
using an electrolyte solution, the conductive and organic 
complex is preferably insoluble or slightly soluble in the 
solvent. Exemplary organic compounds satisfying such 
requirements include compounds that can be generally used in 
electrocrystallization (electrochemical crystal growth method). 
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for example, electron donative organic compounds and electron 
receptive organic compounds. Exemplary electron donative 
organic compounds include: compounds with a fulvalene skeleton, 
such as tetrathiafulvalene (TTF), 
tetramethyltetraselenafulvalene (TMTSF) , and 
tetratelluriumfulvalene; tetrathiatetracene (TTT) , 
tetraselenatetracene, tetratelluriumtetracene , and similar 
compounds having an anthracene or naphthalene skeleton; 
polycyclic compounds, such as perylene, pyrene, anthracene, 
tetracene, and naphthalene; aromatic amine compounds; and 
tetraphenyl dithiapyraniliden and derivatives thereof. Also, 
exemplary electron receptive organic compounds include; 
tetracyanoparaquinodimethane (TCNQ) and derivatives thereof; 
tetrachloroparabenzoquinone , dichlorodicyanoparabenzoquinone , 
and tetracyanoethyelene (TCNE) . 

Exemplary electrolytic ions forming a conductive and 
organic complex include: anions that combine with a cation of 
an organic compound to form the complex, such as C10 4 ", PF 6 ", 
AsF 6 ~, SbF 6 ", TeF6", Re0 4 " and halogen ion; and cations that 
combine with an anion of an organic compound to form the 
complex, such as cations of alkali metals or alkaline -earth 
metals, for example, Cu + , Ag + , Li + , and Na + . 

The solvent of the electrolyte solution is an 
aprotic organic solvent, and tetrahydrofuran (THF) , propylene 
carbonate, 7- butyro lactone, dimethylf ormamide , acetonitrile # 
dioxane, N-methylpyrrolidone, or the like can be used. 



Particularly preferred are those that have a relatively high 
dielectric constant and dissolve the organic compound well. 

Exemplary first electrodes include alkali metals, 
alkaline -earth metals, gold, silver, copper, etc. 

Exemplary second electrodes include platinum, nickel, 
aluminum, etc. 

The present invention is hereinafter referred by 
ways of examples. 

Example 1 

A battery as illustrated in FIG. 1 was assembled and 
examined for its charge /discharge characteristics by the 
following method. 
(Battery) 

FIG. 1 illustrates a battery that was used in this 
example, showing the state of an open circuit before charging. 
A lithium electrode 2 and a platinum electrode 1 for producing 
a conductive and organic complex by electrolysis are immersed 
in an electrolyte solution 3. The electrolyte solution 3 is 
prepared by dissolving 50 mg of perylene as the electron 
donative organic compound in 40 ml of a THF solution with a 
lithium perchlorate concentration of 0.5 M. The size of the 
electrode 1 is 10XioXo.5 nun, and the lithium electrode 2 used 
was a 2 -mm diameter platinum bar around which a 1 -cm-wide 
lithium foil (thickness 0.5 mm) was wound twice. In this 
example, since there is a large distance between the two 
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electrodes, a separator was not placed between the two 
electrodes for preventing them from contacting each other. 
However, if the distance between the electrodes is reduced, a 
separator becomes necessary. The separator used for this 
purpose is preferably a glass fiber filter or non-woven fabric 
made of polyolefin such as polyethylene or polypropylene. The 
battery was assembled in an argon dry box. 
(Charge/discharge test) 

The battery was charged and discharged at a constant 
current of 80 At A by means of a galvanostat, and the battery 
voltage was recorded by a recorder through a voltage follower. 
FIG. 2 shows the result. 

Before the charge, the open circuit voltage was 
approximately 3.1V, and after the constant current charge, 
the battery voltage became approximately 4.1 to 4.2 V. At 
this time, it was observed that a black complex of perylene 
was uniformly deposited on the surface of the electrode 1. 
After 18 hours following the start of the charge, the charger 
was removed, and the open circuit voltage at this time was 
approximately 4.0 V. The voltage was stable for more than 
several days. Next, the charged battery was discharged at a 
constant current, and a voltage plateau was found at 
approximately 3.6 to 3.7 V. After about 15 hours following 
the start of the discharge, the voltage dropped sharply. At 
this time, the black organic complex produced upon the charge 
was not observed on the surface of the electrode 1. More than 
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50 charge/discharge cycles were possible. Also, the energy 
density of this discharge was 282 mW • hour/g relative to the 
perylene complex, which corresponds to the amount of discharge 
capacity. 

Example 2 

In the battery used in Example 1, 50 mg of 
tetrathianaphthalene (TTN) was used in place of perylene. In 
the same manner as in Example 1 except for this, the charge 
and discharge characteristics were examined. However, the 
charge/discharge current was 50 /xA. After 15 hours of charge, 
the voltage was 3.5V. Subsequently, the battery was 
discharged, and a voltage plateau was observed around 3.2V. 
About 12 hours later, the voltage dropped sharply. Also, the 
voltage after the charge was stable for more than 3 days. 

Example 3 

A battery as illustrated in FIG. 3 was assembled and 
examined for its discharge characteristics by the following 
method . 
(Battery) 

FIG. 3 illustrates the battery that was used in this 
example, showing the state of an open circuit before discharge. 
In the figure, the numbers represent the followings. 

4, 4' Current collector plate made of platinum 

5 Organic complex 
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6 Solid electrolyte 

7 Lithium electrode 
8, 8' Lead wire 

9 Teflon holder 

An organic complex 5 is a tablet (diameter 4 mm, 
thickness 0.2 mm) of TTN • C10 4 complex obtained by 
electrocrystallization. A solid electrolyte 6 is a lithium 
conductor that was produced by dissolving polyethylene oxide 
and lithium perchlorate in a small amount of acetnitrile , 
forming it into a thin film, and removing the solvent. This 
solid electrolyte 6 was sandwiched between the organic complex 
5 and a lithium electrode 7, which was then sandwiched between 
platinum current collector plates 4 and 4 9 , to which lead 
wires 8 and 8' were attached. This was placed in a Teflon 
holder 9. The battery assembly and discharge test were 
performed in an argon atmosphere, and the discharge test was 
performed at 60*0. 
(Discharge test) 

A discharge test was performed in the same manner as 
in Example 1, except that the constant current discharge was 
performed at 1 u&. FIG. 4 shows the result. 

The open circuit voltage was 3.3 V and stable for 
more than 5 days. Also, the discharge voltage was 3.2 V, and 
the energy density of this discharge was approximately 30 mW ■ 
hour/g relative to the weight of the TTN • C10 4 complex used. 
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Example 4 

The lithium ion solid electrolyte used in Example 3 
was used. This solid electrolyte was sandwiched between the 
TCNQ tablet (diameter 4 mm, thickness 0.3 mm) and lithium foil, 
which was then placed in a Teflon battery holder as 
illustrated in FIG. 3. A constant current (1 uA) discharge 
was performed, and the resultant discharge voltage was flat 
and 2.6 V. 

Brief Description of Drawings 

FIG. 1 is a diagram showing a battery using perylene 
as an electron donative organic compound in the state of an 
open circuit before the battery is charged; 

FIG. 2 is a graph showing the charge/ discharge 
characteristics of the battery of FIG. 1; 

FIG. 3 is a diagratm showing a battery using TTN • C10 4 
complex as a conductive and organic complex in the state of an 
open circuit before the battery is discharged; and 

FIG. 4 is a graph showing the discharge 
characteristics of the battery of FIG. 3. 
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